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Abstract—Microgrids (MGs) are becoming active segments 
of future power systems. Frequency regulation in islanded 
MGs is of high importance to guarantee stable and reliable 
operation under different loading conditions. This paper 
proposes a decentralized frequency regulation of AC MGs, 
which relies on the local information. Comparing to the 
conventional approaches, the proposed scheme does not 
require a communication system for frequency regulation, 
resulting in higher reliability and lower costs. Simulation 
results verify the effectiveness of the proposed frequency 
control strategy. 
Keywords— AC Microgrid, Frequency Regulation, Inverter-
Based Microgrid, Power converter,  
I. INTRODUCTION 
The trend in the future power grids is towards using 
more and more distributed generation (DG) on the 
distribution side [1-3]. The DGs are mainly based on 
renewable energies offering higher efficiency, lower cost 
and also a green society [4-6]. In such a system, the off-grid 
operation is an interesting outcome, which can be realized 
by adding voltage and frequency control capabilities to the 
DGs. Practically, this can be done by defining new modern 
grids namely microgrids (MGs) [7-9]. In an MG, part of 
DGs contributes to voltage and frequency control, which are 
the most important requirements of MG systems [10], and 
other remaining units deliver the maximum power according 
to the maximum power point tracking scheme [11, 12]. 
Generally, two main control levels are provided to guarantee 
the stable operation of the MGs which are i) the primary 
control and ii) secondary control [13]. The primary control 
is responsible to regulate the output voltage and frequency 
of MG sources at certain reference values [14, 15]. 
However, the reference values obtained by droop 
characteristic inherently results in a non-zero steady-state 
error in voltage and frequency regulation. To avoid this 
deficiency, the voltage and frequency references are updated 
by another control level, the so-called secondary control. 
Generally, the solutions for secondary control are 
implemented either by the help of communication 
infrastructure and overall control center or locally by 
sources using a decentralized control scheme [16]. The three 
well-known secondary control structures are given in Fig. 1. 
Detailed Explanation and classification are provided in the 
following. 
The communication-assisted strategies are classified 
into two categories which are centralized and distributed 
secondary controls [16]. The functionality of a centralized 
strategy is highly dependent on the communication links for 
collecting information and sending the references from/to 
the MGs sources. Then, the communication system failure 
may threaten the whole system operation. Non-scalability, 
single point of failure, and low reliability are other problems 
associated with this scheme [16]. Compared to the 
centralized control strategy, the distributed control scheme 
incorporates point-to-point communication links between all 
DGs, which mitigate the need for the MG central control 
and provides more scalability and higher reliability. 
However, the dependency on communication infrastructure 
is still an issue. To avoid the use of the communication 
system and accordingly its related deficiencies, the 
decentralized control scheme is employed in the literature. 
Generally, three secondary control schemes based on 
decentralized control are introduced in the literature, which 
are [16]: 
A. Washout Filter-Based decentralized control scheme: 
In this scheme, the input powers are filtered by band-
pass filters, instead of conventional low-pass ones. This 
scheme gives zero steady-state error in the voltage and 
frequency regulation [17]. For implementing the approach, 
first and second-order filters are used in [18, 19]. Although 
this scheme provided zero steady-state error, the robustness 
is not confirmed yet [16]. 
B. Modified decentralized control scheme by replacing P-
Controller based droop with PI-controller: 
In this scheme, replacing the proportional (P) droop 
controller by proportional-integral (PI) controller is the main 
idea behind this method. Although using PI-controller 
ensures zero steady-state error in controlling the voltage and 
frequency, the system stability is not guaranteed since PI-
controller (Unlike P-controller) turns the non-ideal sources 
into ideal ones [20]. 
C. Estimation-Based decentralized control scheme: 
In this scheme, the decentralized scheme is 
implemented by utilizing state variable estimation methods 
[21-24]. Although this scheme provided a communication-
free decentralized control scheme, its performance depends 
on the system modeling accuracy. 
In this paper, a decentralized control scheme based on 
direct control of grid frequency via a feedback-based 
scheme is proposed. In this method, first, the actual grid 
frequency in the output terminal of each converter is 
extracted. Then, using a closed-loop control scheme, the 
frequency is controlled such that it settles at the nominal 
value. Employing this method inherently considers the 
impact of other sources in the MG, improving the system 
response and transient behavior. Simulation results 
demonstrate the effectiveness of the proposed method under 
different operating conditions. 
II. FREQUENCY CONTROL OF AC MICROGRIDS 
The typical structure of an AC MG with the proposed 
control method is shown in Fig. 2. The sources are 
connected to a common bus through power feeders and the 
MG loads are localized at the common bus. Each converter 
pursues different control goals such as voltage-frequency 
control, active-reactive power injection by producing proper 
terminal voltages. In this respect, internal control loops play 
a key role, where finally the control command appears in the 
produced terminal voltages [25-27]. Fig. 2 shows the control 
structure of the converter consisting of an inner current 
control loop, and an outer voltage control loop. The outer 
loop receives the voltage references from a supervisory 
control such as droop control and produces the proper 
current references. The inner loop regulates the output 
current by taking the current reference from the voltage 
loop, which finally results in output voltage regulation of the 
reference values. All the aforementioned control parts are 
related to the primary control. Using only this control level 
results in a deviation from nominal values in voltage and 
frequency in the MG. Then, the secondary control scheme is 
necessary to compensate for this deviation. 
Droop control is the most robust primary control, which 
locally controls the power-sharing and voltage regulation in 
MGs. For instance, according to the droop method, the 
reference frequency, fr is proportional to the output power of 
the converter, Pm as given in (1), where f* is a set point, m is 
the droop slope and GLPF(S) is a low pass filter. 
( )*r m LPFf f mP G S= −  (1) 
The term associated with the droop slope makes the 
frequency droop at a steady state. Then, the secondary 
control is required to compensate the frequency deviation in 
the steady-state. Accordingly, various secondary control 
schemes have been proposed in the literature. Among them, 
communication-based schemes are mostly used methods in 
the previous works. Despite the benefits coming from 
communication-assisted methods, the scalability and 
reliability of the whole system are degraded. For this reason, 
the decentralized control schemes are presented in the 
literature, which are explained in section I. To improve the 
existing decentralized secondary control schemes, a new 
modified control method is proposed in this paper, as given 
in the next section. 
III. PROPOSED DECENTRALIZED SECONDARY CONTROL 
Fig. 2 shows the proposed decentralized frequency 
control in AC power systems with 3 units. In this figure, the 
voltage and current control loops, are the inner loops in the 
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Fig. 1. Three main secondary control structures: (a) centralized 
secondary control, (b) distributed secondary control, and (c) 
decentralized secondary control. 
converter. The frequency- and voltage- droop controls are 
the outer level control loops in this system. As the focus of 
this study is on the frequency control, the voltage droop 
control is not more elaborated. In the proposed method of 
Fig. 2, there are two modifications comparing to the 
conventional secondary control schemes, which are δf and 
δθ. The proposed secondary control compensates for the 
frequency drop by a term of δf according to (2). 
( ) ( ) ( )*r m LPF ff f mP G S  = − + +  (2) 
To calculate the compensation term of δf, the frequency 
drop value is fed to a compensator, which guarantees the 
zero frequency deviation in the steady-state. The GPI(S) is a 
proportional-integrator regulator. To do so, the grid 
frequency is extracted using a PLL (phase-locked loop), 
which inherently considers the grid dynamics. Equation (3) 
shows the compensation term of δf. 
( ) ( )*f g PIf f G S = −  (3) 
Moreover, in order to damp the low-frequency 
oscillations, the output voltage phase angle, θg is controlled 
to follow the reference phase angle, θ generated by the 
droop controller (see Fig. 2). Therefore, a damping term is 
generated by (4) and added to the reference frequency 
following (2). The term θ in (4) is the reference phase angle, 
which can be obtained by using (5). The proposed damping 
scheme tries to decrease the angle difference between output 
voltages of converter (θ) and grid voltages (θg), which 
 
Fig. 2. Proposed decentralized frequency control in AC power systems with 3 units. 
Table I.  Microgrid parameters.  
Parameter Symbol Unit #1 Unit #2 Unit #3 
Rated power Pi (kW) 10 7.5 5 
Droop gain mi (Hz/W) 0.0002 0.00027 0.0004 
Current control kp,i + ki,i/s 25+100/S 
Voltage control kp,v + ki,v/s 1+20/S 
Frequency control kp,f + ki,f/s 6+18/S 
Damping factor kg 15, 25 
Feeder impedance ri + jxi (Ω) 
0.005+ 
j0.05 
0.02+ 
j0.07 
0.07+ 
j0.13 
Rated frequency fr (Hz) 50 
Rated voltage E (Vline-line) 400 
Filter (LC) Lf (mH), Cf (μF) 5, 50 
Switching frequency fsw (kHz) 5 
Low Pass Filter delay Td (s) 0.03 
Load Pload (kW) 10, 20 
 
further improves the synchronization, and then the stability 
and damping of inverters. 
( )g gk  = −  (4) 
( )
t
r
0
t f dt =   (5) 
In this paper, the main idea is taken from the fact that the 
frequency is a global quantity over the MG, and then, it can 
be fed to the control system without requiring any frequency 
sharing among the sources. In this approach, the frequency 
is measured in the converter terminal, and accordingly, the 
frequency reference is produced locally by the source. This 
scheme does not require estimation of variables, and also, it 
is based on the conventionally proved droop scheme in the 
primary control. Then, the related deficiency will be 
avoided.  
IV. SIMULATION RESULTS 
This section presents the selected simulation results to 
show the effectiveness of the proposed control scheme. The 
MG includes three converters as shown in Fig. 3. The 
converter and their control parameters are given in Table I. 
The MG is simulated under two load levels of 10 kW and 20 
kW, and the obtained simulation results are shown in Fig. 3. 
During the simulation, a load change is applied at t = 2 s. As 
it is shown in Fig. 3 (a), the load is proportionally shared 
among the converters based on their rated values. Moreover, 
the grid frequency is appropriately regulated at the rated 
value of 50 Hz. Therefore, the proposed decentralized 
frequency control can control the grid frequency by locally 
measuring the grid frequency and compensating the 
frequency drop by employing local regulators. 
Moreover, it can be seen from Fig. 3 (a) that the active 
power of converters has low-frequency oscillations. This is 
because of the relative swing of the output angle of 
converters. By increasing the damping factor of kg from 15 
to 25, the obtained results are shown in Fig. 3 (b). The 
 
 
Fig. 3. Simulation results using the proposed secondary control scheme (a) kg = 15, and (b) kg = 25. 
results imply that the low-frequency oscillations are 
effectively removed from the output power of converters. 
This is due to the fact that the proposed damping scheme 
retains the actual output angle of converter voltage to the 
phase angle generated by the droop controller. The 
simulation results show that the proposed damping term can 
properly eliminate the low-frequency oscillations.  
V. CONCLUSION 
This paper has proposed a decentralized frequency 
regulation scheme for AC microgrids. In the proposed 
method, using the actual measurements of the MG system, 
the MG frequency is extracted and fed to the control system. 
Then, the sources in the grid contribute to the frequency 
regulation locally without requiring information from other 
sources. Furthermore, a damping controller is proposed, 
which prevents the low-frequency oscillations of the 
converter output powers.  
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